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THE EFFECT OF INITIAL DISCHARGE ON THE DEVELOPMENT OF A SUBMERGED 

NONISOTHERMAL ROUND JET I N  A NONCOMF'RESSZBLE FLUID 

F. Aliyev 

ABSTRACT 

The problem i s  concerned with t h e  hydrodynamics of a 

submerged j e t  t ak ing  i n t o  account t h e  i n i t i a l  discharge and 

generalized f o r  t h e  case of a nonisothermal j e t .  

The problem concerning t h e  isothermal j e t  with an ass.igned impulse w a s  /106* 

solved i n  ( r e f .  1) where t h e  i n i t i a l  dlscharge w a s  assumed t o  be equal t o  

zero,  while t h e  impulse was considered t o  f i n i t e .  The e f f e c t  of a f i n i t e  

i n i t i a l  discharge was inves t iga ted  f o r  an untwisted ( r e f .  2 )  and twis ted  

( r e f .  3 )  j e t .  

and a given quant i ty  of heat  but without tak ing  i n t o  account t h e  f i n i t e  

value of t h e  i n i t i a l  discharge was solved by Chia 

The nonisothermal problem of a round j e t  with a given impulse 

Shun Yih ( r e f .  4 ) .  The 

present  a r t i c l e  presents  t h e  solut ion of t he  probl,em on t h e  prow~gat ion  of 

t h e  submerged nonisothermal round j e t  with a given discharge,  impulse and 

quan t i ty  of hea t .  

\ 

"Numbers given i n  t h e  margin ind ica te  t h e  paginat ion i n  t h e  o r i g i n a l  fore ign  

t e x t .  



NASA TTF-9495 

The equations which descr ibe  t h i s  process i n  a c y l i n d r i c a l  system of 

coordinates,with the  o r i g i n  a t  t h e  center  of t h e  output s ec t ion ,  have t h e  

form ( r e f .  4) 

dU d8 - - 0 ,  0 - 0 ,  - - a O ~ n c c t = O ,  
& k . 

For a n o n t r i v i a l  so lu t ion  of system (1) it i s  necessary t o  s a t i s f y  add i t iona l  

i n t e g r a l  condi t ions f o r  t h e  conservation of impulse and quan t i ty  of hea t :  

For t h e  hydro-dynamic p a r t  of the  problem which may be considered sepa- /lo7 

r a t e l y  if we assume t h a t  t h e  temperature drop i s  small, we obtained so lu t ions  

i n  t h e  form of asymptotic expansions using t h e  inverse  powers of t h e  absc issas  

( r e f .  5 ) :  
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We s h a l l  seek t h e  so lu t ion  of the t h i r d  equation of system (1) i n  t h e  

form of a s imi l a r  asymptotic expansion 

Having determined t h e  der iva t ives  a0/ax, a 0 / a r ,  a20/aq2 from (6)  and 

subs t i t u t ed  them together  with expressions f o r  u and v ( 4 )  i n t o  t h e  t h i r d  

equation of system (1) we equate the  c o e f f i c i e n t s  i n  f r o n t  of t h e  same 

negat ive powers of x i n  both p a r t s ;  then we obta in  t h e  following system of 

ordinary d i f f e r e n t i a l  equations of the second order ( t h e  prime ind ica t e s  t h a t  

t h e  de r iva t ive  i s  taken w i t h  respect  t o  q ) :  

. . . . . . . . . . . . . . . 
6 - 6 - . . . - 0 ar,d q = O, 

a#-(i-...= 0 hPCl q'". 

A comparison of coe f f i c i en t s  i n  f r o n t  of t h e  same powers of x under /lo8 

condi t ions of n o n t r i v i a l i t y  (3) leads t o  t h e  following i n t e g r a l  r e l a t ionsh ips :  
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The f irst  equation of system ( 7 )  was solved by Chia Shun Yih ( r e f .  4 ) .  

He found t h a t  

(9 )  
'.--(I+ 2¶+ 1 

8: 

To f i n d  8 ,  w e  transform t o  a new argument 5 i n  accordance with t h e  equation 

Then we s h a l l  have ( t h e  dot  above t h e  func t ion  means t h a t  t h e  de r iva t ive  i s  

taken with respect  t o  5 )  

The second condi t ion of system (8) w i l l  t ake  t h e  form 

It i s  easy t o  see t h a t  t h e  so lu t ion  of t h e  homogeneous equation (11) s a t i s f y i n g  

t h e  condi t ion of f i n i t e n e s s  f o r  5 = 0 w i l l  be 

where = 1 while t h e  o ther  coe f f i c i en t s  a re  

t h e  power s e r i e s  

(14) 

determined by t h e  recur ren t  

r e l a t i o n s h i p  

Se r i e s  (14) converges when 5 < 1, i . e . ,  for a l l  f i n i t e  values of q .  

p a r t i c u l a r  so lu t ion  of t he  nonhomogeneous equation (11) w i l l  a l s o  be sought 

i n  t h e  form of a power s e r i e s  

The 
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/lo9 The c o e f f i c i e n t s  of t h i s  s e r i e s  a r e  determined by t h e  fol lowing recur ren t  

r e l a t  ionship 

where a 

i n  a power s e r i e s ,  while B 

i s  t h e  c o e f f i c i e n t  i n  f ron t  of Ck f o r  t h e  binomial expansion (1 - S)2a k 

= 0.5, a-l = 0. Ser i e s  (17) a l s o  converges when 0 

5 < 1. 

Taking i n t o  account (14) and (16) we obta in  t h e  genera l  so lu t ion  of d i f -  

f e r e n t i a l  equation (11) i n  t h e  form 

Subs t i t u t ing  expansion (18) i n t o  the  i n t e g r a l  condi t ion (l3), we obta in  an 

expression f o r  t h e  constant  of i n t eg ra t ion  C: 

-- 3 - 1  

& ( o t 1 ) ( 2 0 + 1 )  

b d  

After  t h i s  we can wr i t e  t h e  f i n a l  expression f o r  e(x,V),  
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I n  a p a r t i c u l a r  case when cr = 1 t h e  homogeneous p a r t  of equation (11) has 

t h e  form 

Since t h e  coe f f i c i en t  i n  f r o n t  of the  unknown funct ion  i n  equation (21) i s  not 

one of t h e  n a t u r a l  numbers n ( n - l ) ,  where n = 0, 1, 2 . . . ,  t h e  only l imi t ed  

so lu t ion  f o r  cr = 1 w i l l  be t h e  zero so lu t ion  (6 ) .  Therefore,  t h e  general  

so lu t ion  of t h e  equation i n  t h i s  case w i l l  cons i s t  only of t h e  p a r t i c u l a r  

so lu t ion  which i n  the  case considered i s  transformed i n t o  a polynomial of 

t h e  t h i r d  degree 

Transforming t o  t h e  i n i t i a l  argument ll we obtain f o r  o = 1 

1 3 
4 - - -( 2 I - -hs)( 4 1 + 4 )- . ( 23 ) . 

while 8 w i l l  be given by t h e  expansion 

A comparison of e q u a l i t i e s  ( 4 )  and (24) shows t h a t  i n  t h i s  case a s  wel l  as 

i n  t h e  case when t h e  i n i t i a l  discharge i s  not taken i n t o  account, t he re  i s  

a s i m i l a r f t y  between t h e  d i s t r i b u t i o n  of l ong i tud ina l  v e l o c i t i e s  and 

temperatures.  

Equation (20)  was used t o  carry out ca l cu la t ions  f o r  t h r e e  values of t h e  

i n i t i a l  discharge ( f i g s .  1-3) with 0 = 0.72. 
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Figure 1. The va r i a t ion  i n  

t h e  dimensionless temperature 

a t  two cross  sec t ions  of t h e  

Figure 2 .  The r a t i o  9 ( ~ ) /  and i t s  3 max 

From t h e  curves which a r e  presented we can conclude t h a t  as t h e  i n i t i a l  

d i scharge  increases  t h e  curves 8 ( q )  0(‘71)/0max, become more f i l l e d  and t h e  e f f e c t  

of t h e  i n i t i a l  discharge decreases  when t h e  d is tance  from t h e  o u t l e t  increases .  

The so lu t ion  which has been obtained shows t h e  p o s s i b i l i t y  of applying 

t h e  asymptotic expansion i n  t h e  case of a nonisothermal j e t .  
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Figure 3. Variat ion i n  

along t h e  ax i s  of max 

2 -0 .1  3 ' -  9 . 3 ,  4 -  

t h e  j e t  

.) 

I f . ~  1\1, ,biz 0, 

I 0 0 1  7co 
fle 

Symbols Used 

x, rnu, v a re  t h e  longi tudina l  and r a d i a l  coordinates and v e l o c i t i e s  respec- 

t i v e l y ;  T - i s  t h e  temperature a t  any poin t  i n  the  j e t ;  T, - i s  t h e  tempera- 

t u r e  of t h e  l i q u i d  i n  which t h e  j e t  i s  propagated, (T - Ta)/T, is t h e  dimension- 

less temperature; p i s  t h e  f l u i d  dens i ty ,  (5 i s  t h e  P rand t l  number, ?, p a re  t h e  

kinematic and dynamic coe f f i c i en t s  of v i scos i ty ,  & i s  t h e  i n i t i a l  discharge.  

Summary 

The paper considers t h e  problem of a submerged nonisothermal round 

j e t  t ak ing  i n t o  account t h e  i n i t i a l  mass-flow r a t e .  

expansion i s  used t o  obta in  t h e  solution., 

ca l cu la t ions  f o r  t h r e e  values of the i n i t i a l  discharge i n t o  two sec t ions  of 

The method of asymptotic 

The so lu t ion  i s  used t o  car ry  out 

t h e  j e t  with cr = 0.72. 

8(7)/8,,, i s  shown i n  f igure  2 while t h e  va r i a t ion  i n  emax along t h e  ax is  i s  

shown i n  f i g u r e  3. 

The r e l a t ionsh ip  O ( 7 )  i s  shown i n  f igu re  1, t h e  r a t i o  
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